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ABSTRACT
Determination of sodium and potassium in hydrothermally
crystallized synthetic feldspars were performed by atomic
absorption spectrophotometry. The technique for this
chemical analysis is described. The results are compared
with the unit cell dimensions of these feldspars, obtained
by X-ray diffraction method.
Comparison of our results with previously published data
shows that the unit cell parameters of the alkali feldspars
analyzed are larger than the published data for high-albite-
sanidine series. This evidence suggests the existence of an
oxonium feldspar in crystalline solution with the alkali
feldspar.
Thesis Supervisor: William H. Pinson, Jr.
Associate Professor of Geology
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5I. INTRODUCTION
Recently many experiments have been performed on the
alkali feldspars. The position of the solvus in the
system KAlSi3 0 8-NaAlSi308 has been placed as a function of
pressure and temperature (Deer, et al., 1963). The
influence of other factors, such as an excess or deficiency
of alkalis and alumina in the system, was studied by Luth
and Tuttle (1966). These authors observed that feldspars
which had been crystallized in the presence of excess
alumina showed some discrepancies in their unit cell
dimensions. Higher values of b for a given a, in the
sanidine-high albite series and larger cell volumes were
found for a given composition. From the nature of the
solvus and the unit cell dimensions of these feldspars,
crystallized in a peraluminous environment, Luth and
Tuttle in the same paper, suggested the existence of an
oxonium feldspar end-member in crystalline solution with
the alkali feldspar. They postulated less than 3 weight
percent excess alumina in these "peraluminous" feldspars.
In connection with a later study on alkali feldspars
(Seck, Luth and Tuttle, in preparation) another set of
rmixtures was prepared on the albite-orthoclase join at
two to five weight percent Or intervals. These samples
were crystallized to alkali feldspars at low pressure and
high temperature. The presence of corundum, in addition
to the feldspars, in the final product was noted. From
this fact, it was concluded that the starting material,
(gels) contained an excess of alumina; that is, that the
ratio alkali alumina was less than one. On the other
hand the unit cell dimensions of these feldspars, showed
anomalously high values. An oxonium-alkali feldspar solid
solution was postulated, since the conditions of crystal-
lization seemed to be the same as in the case mentioned
above, viz., a peraluminous environment of crystallization.
In this case, however, the exact chemical composition of
these feldspars was not known, since the aluminum content
showed a departure from stoichiometry in the starting
material. The immediate consequence of this fact is the
need in experimental petrology of an accurate chemical
analysis of synthetic minerals, in order to arrive at
some conclusion on the structural nature of the material.
The purpose of this study is the development of a
technique in the chemical analysis of microgram quantities
of silicate material. Atomic absorption spectrophotometry
was suggested by W. H. Pinson (personal communication) as
a useful means to obtain such analyses.
This thesis is based upon feldspars used in Seck's
study with x-ray data provided by W. C. Luth.
II. EXPERIMENTAL METHOD
A) CHEMICAL ANALYSIS
The use of atomic absorption spectrophotometry has
been widely used in silicate analysis providing accurate
results with great sensitivity for most elements. In
this study, the samples ranged from 2 to 5 mgms, such that
formerly small errors in technique introduced a high degree
of uncertainty in the resulting analysis. For this reason
a careful study of sources of errors has been done and the
results will be given in following sections. Another
problem introduced by the size of the samples is the con-
centration of the elements. Sodium and potassium concen-
tration ranges for this type of analysis do not present
any problem. Aluminum however does have this difficulty.
The recommended concentration range for Al analysis varies
from 25 to 200 pgm of Al per milliliter of solution. A
very small volume of solution, 25 ml, needed for the
analysis of the three elements, requires at least 2000 pigm
of Al in the sample. It can be shown that using 5 mg of an
alkali feldspar, containing an average of 10% Al by weight,
it is impossible to get the proper concentration range for
the analysis of this element. On the other hand silicon
analysis, requires a different preparation of the material;
since the solutions made for the analysis of Na and K are
silica free, the samples having been decomposed with HF.
Therefore the present technique has been developed just
for Na and K analysis, with assumption that the content of
these cations defines the albite and orthoclase content
of the feldspars.
i Preparation of the samples
In order to get better results and a better knowledge
of the precision of the method, all the samples were pre-
pared in duplicate, except in cases where there was less
than 4 mg available. On the other hand, two of the samples,
each one close to one end of the join albite-orthoclase,
were of sufficient quantity to prepare five solutions of
each sample; thereby providing an accurate determination
of the precision of analysis.
Weighing process
The samples were finely ground in agate mortar and put
into glass specimen vials of a very small size, 25 x 8 mm.
The use of these vials instead of the conventional weighing
bottles will be discussed in a later section. Then the
samples were dried in the oven, in sets of no more than four.
They were left open in the oven for three hours at a
temperature of approximately 120*C. After this time, they
were placed in a dessicator and allowed to cool for about
20 to 30 minutes to room temperature. Then the samples were
weighed and placed into platinum dishes. The weighing
process was done as fast as possible to avoid absorption of
water by the sampleand the vial. Only four samples were
prepared at one time to avoid repeated opening of the
dessicator.
Solution process
In order to dissolve the samples the following steps were
followed:
a) one milliliter of distilled, demineralized water
was added.
b) 0.1 to 0.2 ml of 70% perchloric acid was added
(depending on the amount of samples), and finally 3 ml of
hydrofluoric acid was added to each sample. Perchloric acid,
instead of the conventional sulfuric acid was used in the
process, because it gives a more soluble residue of per-
chlorates, which casues no difficulties in succeeding
operations.
c) The platinum dishes were olaced on the steam bath
and the material stirred with teflon stirrers. When the HF
has been evaporated (an oily residue of HC10 4 will be
present), another 3 ml of HF was added and evaporated again.
The chemistry involved in the process is the break-
down of the silicon and aluminum tetrahedrons of the silicate
structure and the formation of SiF , which is evaporated.
d) 10 ml of 2.0 N hydrochloric acid, were added and
evaporated down to dryness. The evaporation to dryness is
very important to assure the complete expulsion of fluorine,
Hillebrand (1953). The operation was repeated to assure
that all the excess HF left the solution. In this way the
cations K, Na and Al remained in the form of perchlorates.
e) The residue was dissolved in 10.21 N HCl to the
required volume in order to obtain the right concentration
of sodium and potassium in the final solution. The solutions
were stored in polyethylene bottles, to avoid contamination
from the glass of the volumetric flasks. Much care was
exceicised to keep contamination at a minimum.
ii Preparation of the standard solutions
The U.S.G.S. rock standard G-1, was chosen as the
working standard for two reasons; its well-known composition,
and the similarity of composition, in terms of the major
elements, after silica is removed, to th-e feldspar being
analyzed.
Three major sets of standard solutions were prepared
from three different weighings of G-1, in order to have a
fresh set of solutions during the whole study. A fourth set
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of standard solutions, the low concentration set, was
prepared in order to have a very low concentration control
of the working curves, and to be able to analyze the blanks.
The process of preparation of the standard solutions is
the same as described above for the solution of the samples,
except for the amount of reagents used, these being pro-
portional to the weight of the material. On the other hand,
some changes were made to achieve maximum accuracy. A
larger amount of material was weighed, not only to have a
sufficient amount of solution for the analysis, but to
reduce the relative standard deviation of the weighing.
Samples of 200, 380 and 573 mg of G-1 were used as the
starting materials. Another advantage of using a large
sample is the reduction of the relative standard deviation,
due to contamination. The three sets of standard solutions
were diluted in a similar manner. The dilutions were made
from a primary standard solution, prepared by the dissolution
of the samples. Fifteen solutions were prepared from each
primary standard ranging from approximately 0.3 to 6 pigm Na
per ml and 0.5 to 9 1.gm of K. The solutions were distributed
in intervals of approximately 0.3 to 0.5 -pgm of the element
per ml, depending on the respective relative abundance of Na
and K in G-1. The values adopted for calculation of the con-
centration were the average of values reported by Fleischer
(1965). These values were: 4.54% K and 2.46% Na.
The same set of standard solutions was used for the Na
and K analyses.
The fourth set of standard solutions, (low concentration
set) was prepared from one of the primary solutions mentioned
above. The range of this last set was from .019 to 0.377 pgm
Na per ml and .035 to 0.697 pgm K per ml.
As in the case of the sample solutions, the standard
solutions were stored in polyethylene bottles of the proper
size to avoid evaporation.
2) Atomic absorption spectrophotometric analysis
A Perkin-Elmer, model 303, Atomic Absorption Spectro-
photometer was used in this analysis. A modified routine
procedure was used in the determination of Na and K.
A reconnaissance was always performed to determine
the approximate concentration, of Na and K in the sample
solutions. The runs were qenerally made with two or three
standard solutions ane two or three unknowns. The number of
measuremer, a# ea&eh solution depended on the precision of
the i nstrurgnA* analysis at the time the analyses were per-
formed. Coojanly an averagie of 5 determinations for sodium,
and 3 cf-terminations for potassium was the case. The number
of analyses ner s olution depended upon the criteria of the
analyvt. When the nrecision of the instrument was good, one
or two wselyses were sufficient. In other cases four analyses
of the same solution were required. As Bauer states,
(Bauer, 1960) the average of two values will give a better
estimate of the true value than any single measurement.
However in our case the time factor, made impossible to
analyze all the solutions twice; only those which showed
low-precision were anlyzed several times.
The common operating conditions for the analyses of
both elements were as follows:
Sodium and potassium Osram lamps were used as light
sources.
The measurement of per cent absorption was made
visually by null meter reading.
A Premix burner was used with the air pressure always
set at 30 p.s.i. with an air flow of 9 in the flowmeter.
An air-acetylene mixture was used. The fuel pressure
was set a 8 p.s.i. and the flow rate of 9, the variation
depending on the element.
The setting conditions were the following:
Na K
0 0
Wavelength 5890A 7765A
Range visually visually
Slit 3 5
Gain 1.3 - 2.5 2.5 - 3.5
Intensity of lamp
(Lamp Power Supply) 700-900 ma 350 ma
Meter Response 2 2
Scale 1 1
The sensitivity of both elements is very high, sodium
being the highest. In both cases, however, absorption
ranges from 20% to 60% were preferred. Absorption values
typically obtained were 60% for 1.4 pgm Na/ml and 25% for
2 pgm K/ml. The use of a small burner, 8 cm long, in the
sodium analysis for concentrations higher than 1.5 pgm of
Na per ml is recommended, since the absorption values are
reduced by one third, making the analysis more precise.
It was observed that the sensitivity of the instrument -
has a very strong effect on the working curve, absorbance
vs. concentration, for sodium, causing a departure from the
straight line with decreasing sensitivity. Examples of this
effect could be seen in Fig. 1. Fig. 2 shows the working
curve for the potassium case.
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From this study it was concluded that the straight line
relation between absorbance and concentration is only
observed for the perfect setting conditions in the analysis,
that is, when the maximum sensitivity has been achieved.
In the low concentration range, less than 0.4 pgm
Na/ml, the sodium working curve shows a very strong curvature,
with a pronounced increase in slope as the solutions approach
zero concentration. Very good examples of this behavior are
shown in Fig. 3, where two curves from different analyses of
the low concentration set of standard solutions are shown.
The sensitivity of the elements is highly dependent on
the fuel flow and on the rate of samples uptake in the
atomizer. It was observed that low-fuel content flame,
approximately 8 in the fuel flow meter, improves the
sensitivity of the instrument. On the other hand using a
slightly higher solution uptake rate for potassium than for
sodium analysis was shown to increase the sensitivity for
potassium.
Protection against interferences by the addition of
reagents was considered unnecessary. The literature,
Angino, 1967) on the specific element interferences, shows
no serious interferences for the sodium analysis. In
potassium analysis of silicates, only Na ionization inter-
ference has been reported (Angino,1967). However the use of
0t,
0 12 -
0.1-
010-
0 to -
0 09-
0 07 -
u10 06-
n
005-
004-
003-
0.02.-
0.05 0.1 015 020 0.25 00 5
C oncen-)tIratiton'l ,Acj' Na /mr
FL yc e 3 adiu1m wc)king crv e or fw concentatons
G-1 as a standard, we think, eliminated that effect since
the compositions of the samples and standard solutions were
similar. No molecular absorption of these two elements has
been reported on the resonance lines that were used.
3) Precision
In order to get a good idea of the accuracy that we can
expect from this method a good knowledge of the precision is
necessary. To this end we have studied the precision in-
volved in each step of the analytical procedure and have
considered ways of improving this precision. In the last
section several suggestions were made for the improvement
of the precision of the instrument. Some others will be
mentioned in this section. The precision in weighing and
the contamination effect on the final results were studied.
i) Weighing process precision
In the weighing process we use a Selecta Semimicro
Balance from Sartorious-Werke, A. G., with a capacity of
100 gm and mechanical application of weights. This
balance has a projection scale from 0 to 10 mg with each
division corresponding to 0.1 mg. A fine division vernier,
with each division corresponding to 0.02 mg gives a third
figure in the measurement of milligrams. No correction for
vacuum was calculated because this correction is in the fifth
place of the weight.
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therefore it would not affect our measurements. All weighing
measurements were obtained by difference to avoid the im-
precision of a zero setting.
Weighing precision was measured by repeated weighings of
1, 2, and 5 milligram weights, using another constant weight
to simulate the presence of the sample vial. The results are
shown in Fig. 4. The average standard deviation for the three
weights was 0.029 mg.
The hygroscopy of the samples was also considered. Two
of the samples were dried at the conditions mentioned in an
earlier section, and cooled in a dessicator to room temperature.
The dessicant used was a mixture of "Anhydrone" (Magnesium
perchlorate) and "Drierite" as an indicator. Several measure-
ments of the weight of the samples in the specimen vials were
done as a function of time. The results are shown in Fig. 5.
From these results we concluded that a fast weighing procedure
was necessary, and that one or two minutes was the recommended
time of weighing to avoid absorption of water by the sample
and the vial. The same experiment was carried out on an
empty vial and it showed that most of the hygroscopic gain
in weight was due to the vial and not to the sample. For
this reason and because of the small size of the samples,
the use of a weighing bottle was not considered appropriate,
and the use of the glass specimen vials was preferred.
(1)Specimen vials No. 9805, 25 x 8 mm., Scientific Apparatus,
Arthur H. Thomas Cp., Pa.
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It was found that the vials had to be left open all the
time, since the cork provided with each vial is highly
hygroscopic, and is a source of contamination. However
owing to the small opening of these vials, and the fact that
the sample is in the bottom of the vial, no absorption of
water by the sample was detected over short periods of time.
ii) Contamination
One of the problems in the analysis of such small
samples is contamination. In order to have a good knowledge
of this contamination for both elements and to be able to
make this correction, a series of blanks were prepared
during the period of analysis along with the preparation of
the samples. The results are shown in Table 2. The amount
of contamination was not constant. An average of this con-
tamination and the standard deviation is shown in the same
Table. The blanks were prepared in exactly the same way as
the samples, with one exception: the dilution. Since the
amount of sodium and potassium from contamination is very
small it is necessary to dilute the blanks to 10 or at the
most to 25 ml.
Table I
Contamination Results
Blank No. pgm Sodium
6.0
6.0
4.8III
IV 11.3
4.2
5.5VI
VII 10.3
15.5VIII
4.4
7.3
3.7
2.3XII
pgm Potassium
5.9
8.8
8.8
11.4
0.9
1.5
2.3
5.3
0.6
1.9
5.1
5.7
Average Contamination:
Na = 6.8 pgm + 3.8
K = 4.9 pgm + 3.5
25
4) ACCURACY
"Since problems dealing with precision and
accuracy literally have no final solution one
must be content with reports of progress".
(H. W. Fairbairn, 1951).
The rock and mineral standards W-1 (Fleishcher, 1965),
GSP-l and G-2 (Flanagan, 1967), NBS99 (N.B.S. circ.552)
and an Amelia (Virginia) albite specimen were used to
monitor the accuracy. The results are tabulated in Table 2.
Sample sizes were made appropriate to give sufficient
amounts of the analysis element to reduce the relative
standard deviation from weighing and contamination errors.
Tables 3 and 4 show the summary of the results. Agreement
with recommended or adopted values from the literature are
between one and two standard deviations except for the
analysis of Na20 in GSP-l.
B. X-RAY ANALYSIS
The X-ray data for set I were made available by W. C.
Luth and is are shown in Table 8. The details of the X-ray
analysis are the following, W. C. Luth (personal communication):
The X-ray powder diffraction patterns were obtained by
the use of a Guiener-DeWolff focusing camera. CuKa radiation
was only used, and the runs were made at a temperature of
23*+2*C. The internal standard was spinel with a lattice
constant a = 8.0833A supplied by H. R. Shell, U. S. B. M.
Table 2
Results of the chemical analyses of the different
solutions of several rock and mineral standards.
Sample Description
NBS99
NBS99
NBS99
NBS99
NBS99
NBS99
G-2
G-2
G-2
G-2
G-2
G-2
GSP-1
GSP-1
GSP-1
GSP-l
W-1
W-1
Weight
in gro.
0.01668
0.01962
0.02230
0.01046
0.35894
0.28610
0.00976
0.00636
0.42506
0.39102
0.09668
0.12088
0.43370
0.64200
0.01762
0.02410
Wt%
Na2 0
9.81
9.85
10.57
10.90
10.41
10.20
3.73
3.79
3.94
3.98
3.95
3.91
2.56
2.67
2.56
2.55
aWt.
%Na2 0
0.04
0.03
0.03
0.05
0.03
0.04
0.07
Wt%
20
0.35
0.36
0.39
0.47
0.39
0.43
4.37
4.38
4.40
4.37
4.32
4.24
5.40
5.47
5.30
5.48
0
Wt. %K 20
0.02
0.05
0.05
0.07
0.01
0.02
0.02
0.01028 2.22 0.05 0.64 0.04
0.01108 1.99 0.04 0.59 0.04
Amelia Ab
Amelia Ab
0.05278 11.33
0.05306 11.30
0.23
0.23
86
87
68
69
III
IV
Table 3
Na determination in several rock and mineral standards.
Standard.
Number
NBS99
G-2
W-1
GSP-l
Amelia Ab.
%Na2 0
10.29
3.88
2.11
2.58
11.32
a Average lit--
erature values
0.47 10.73
0.11 4.02
0.03 2.10
0.03 2.78
0.02 11.42
a Reference
(1)
0.14 (2)
0.04 (3)
0.05 (2)
0.20 (4)
Table 4
K determination in several rock and mineral standards.
Standard
Number
NBS99
G-2
W-1
GSP-l
Amelia Ab.
%K2 0
0.40
4.38
0.61
5.41
0.23
a Average lit-
erature values
0.04 0.41
0.02 4.50
0.03 0.64
0.03 5.52
0.02 0.27
a Reference
(1)
0.06 (2)
0.01 (3)
0.04 (2)
0.10 (4)
NBS Circ. #552
Flannagan, 1967
Fleischer, 1965
Deer, W.A., 1963.
(1)
(2)
(3)
(4)
The indexing was made on the basis of Iris Borg's calculated
patterns for sanidine and high-albite. The least squares
refinement and calculation of the unit cell dimensions were
made using a computer program based on the one developed by
Evans, et. al. (1962).
III. RESULTS
A total of thirty two synthetic alkali feldspars, made
available by W. C. Luth, were analyzed. Set I consists of
21 peraluminous specimens which projected on the alkali
feldspars join are more or less equally spaced. This set
corresponds to the one used in the Seck, Luth and Tuttle
study mentioned in the introduction. The other eleven
samples correspond to set II. They have a calculated
stoichiometric composition which varies from Or100 to Or0,
equally spaced along the join. This last set was used by
Luth, Jahns and Tuttle (1964) in their study of the granite
system. Both sets were crystallized from gels and the
details of preparation and crystallization are given in
Appendix I.
Table 5 shows the results of the analysis for Na and K
in these synthetic feldspars. The solutions were made from
the samples of the two sets. Set I includes the samples
numbered P-2 to P-22 and Set II includes the rest. It can be
Table 5
Results of the chemical analyses of the different solutions
Samples
Solution
1
2
3
4
5
6
7
8
9 (1)
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
Description
of Samples
P-2
P-2
P-3
P-4
P-4
P-5
P-5
P-5
P-5
P-5
P-6
P-7
P-7
P-8
P-9
P-9
P-10
P-10
P-ll
P-ll
P-12
P-12
P-13
P-13
P-14
P-15
P-15
P-16
P-16
Weight of
sample (gm)
0.00304
0.00354
0.00372
0.00338
0.00313
0.00466
0.00402
0.00322
0.00310
0.00386
0.00294
0.00258
0.00264
0.00290
0.00382
0.00402
0.00398
0.00306
0.00368
0.00324
0.00432
0.00322
0.00322
0.00354
0.00226
0.00404
0.00386
0.00278
0.00390
pgm Na pgm K %Na20 a%Na20 %K20 a%K20
226.7
267.0
259.0
227.3
220.2
303.9
259.2
208.2
214.4
256.8
182.7
176.7
164.3
145.2
197.7
214.1
181.9
145.5
154.3
140.5
148.5
107.1
98.3
101.3
63.2
98.7
92.9
61.9
93.9
22.6
28.1
49.7
91.0
81.2
119.6
94.9
79.1
80.1
94.9
88.6
96.7
96.9
132.4
170.1
180.1
221.8
168.0
226.2
196.3
301.7
224.7
251.7
281.5
187.4
351.3
343.4
244.4
356.9
10.05
10.16
9.38
9.06
9.49
8.79
8.69
8.72
9.33
8.96
8.37
9.23
8.38
6.75
6.97
7.18
6.16
6.40
5.65
5.85
4.64
4.49
4.11
3.85
3.77
3.29
3.25
3.00
3.25
0.35
0.30
0.38
0.22
0.23
0.13
0.15
0.44
0.50
0.22
0.50
0.30
0.24
0.42
0.19
0.30
0.13
0.18
0.15
0.16
0.12
0.32
0.28
0.15
0.23
0.30
0.20
0.19
0.13
0.89
0.95
1.61
3.24
3.12
3.10
2.84
2.96
3.11
2.96
3.63
4.52
4.42
5.50
5.36
5.40
6.71
6.61
7.41
7.30
8.41
8.41
9.42
9.58
9.99
10.47
10.72
10.59
11.02
0.13
0.12
0.12
0.13
0.13
0.10
0.11
0.13
0.13
0.11
0.14
0.18
0.17
0.16
0.17
0.11
0.12
0.16
0.13
0.14
0.35
0.28
0.22
0.18
0.23
0.17
0.19
0.19
0.13
(1) Neglected for average.
Table 5 (continuation)
Samples Description
Solution of Samples
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
50
51
52
53
54
55
56
57
58
59
60
61
62
63
P-17
P-17
P-18
P-18
P-18
P-18
P-18
P-19
P-19
P-20
P-20
P-21
P-21
P-22
P-22
P-25
P-25
P-26
P-26
P-27
P-27
P-28
P-28
P-29
P-29
P-30
P-30
P-3
P-7
Weight of
sample (gm)
0.00340
0.00210
0.00260
0.00362
0.00264
0.00306
0.00244
0.00388
0.00300
0.00530
0.00342
0.00498
0.00296
0.00420
0.00458
0.00562
0.00570
0.00406
0.00398
0.00402
0.00522
0.00410
0.00570
0.00672
0.00492
0.00632
0.00278
0.00496
0.00242
ygm Na pigm K %Na20 a%Na20 %K20 a%K20
69.7
36.3
47.9
56.7
43.5
46.3
32.2
43.9
29.3
35.3
25.0
17'.3
16.1
21.4
19.9
353.3
375.1
217.3
210.1
193.1
233.0
147.8
202.3
190.6
132.6
145.0
63.6
328.7
154.8
331.7
196.3
283.3
378.1
270.8
310.1
241.2
420.1
339.5
632.1
401.7
607.3
379.6
516.5
586.1
145.8
158.2
157.9
156.5
212.5
265.9
272.7
376.0
608.9
437.8
589.4
234.3
119.1
2.76
2.33
2.48
2.12
2.22
2.04
1.78
1.52
1.32
0.90
0.98
0.47
0.73
0.69
0.58
8.48
8.87
7.21
7.12
6.47
6.01
4.85
4.79
3.83
3.63
3.09
3.09
8.94
8.67
0.15
0.24
0.20
0.15
0.20
0.16
0.22
0.13
0.18
0.09
0.15
0.11
0.18
0.13
0.12
0.40
0.38
0.13
0.13
0.20
0.48
0.19
0.20
0.11
0.27
0.08
0.38
0.12
0.23
11.74
11.26
13.13
12.58
12.36
12.20
11.91
13.05
13.64
14.37
14.15
14.68
15.44
14.82
15.42
3.12
3.34
4.69
4.73
6.37
6.13
8.01
7.95
10.91
10.72
11.24
10.15
2.88
0
0.16
0.25
0.22
0.16
0.20
0.18
0.23
0.14
0.19
0.11
0.17
0.12
0.20
0.14
0.14
0.04
0.08
0.16
0.12
0.12
0.14
0.12
0.11
0.46
0.28
0.48
0.28
0.08
Table 5 (continuation)
Samples Description Weight of
Solution of Samples sample (gm)
ygm Na pgm K %Na20 a%Na20 %K20 a%K2
0
0.96
0.92
2.07
2.02
9.81
9.31
0.08
0.09
0.09
0.08
0.12
0.11
11.46 0.09
11.62 0.08
16.57 0.16
16.02 0.11
14.74 0.11
14.70 0.11
13.08 0.11
13.39 0.08
1.70 0.08
1.66 0.07
P-35
P-35
P-36
P-36
P-37
P-37
P-38
P-38
P-39
P-39
0.00424
0.00552
0.00584
0.00550
0.00536
0.00664
0.00498
0.00598
0.00610
0.00812
583.4
734.3
715.1
671.1
582.3
738.3
70.1
82.3
41.3
37.3
82.8
99.4
362.5
413.3
518.7
700.1
seen in this table that in general two solutions were made
for each sample, except for samples P-5 and P-18, from which
five solutions were made of each one, in order to further
establish the precision of the method. Sometimes the amount
of sample available for analysis made it impossible to pre-
pare more than one solution as is the case for samples
P-3, P-6, and P-8. Columns 4 and 5 of the same table show
the observed amount in micrograms of Naand K in the samples
after correcting for contamination. This correction was
made by subtracting the average values of contamination
reported in Table 1 from the values obtained directly from
the analysis. The latter values are the average of several
analyses. The number of analyses made on each solution, as
we mentioned before, varied depending on several factors
like, the precision of the instrument at the time of the
analysis, precision between solutions of the same sample
and curvature of the working curve. The results of the
calculation of the percent Na2 0 and K20 in each sample
solution and their standard deviations are shown in columns
6 to 9. The process of calculation of the standard devi-
ations and propagation of errors is explained in Appendix II.
A plot of weight percent K 20 and Na 20 is shown in figures 13
and 14.
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Table 6
Summary of chemical analyses and calculated values in terms
of Mole % Or.
Sample Wt% a Wt% a Mole% Mole% a
Na20 Wt%Na20 K20 Wt%K 20 Ab Or Mole%
P-2 10.11 0.23 0.92 0.09 94.35 5.65 0.53
P-3 9.38 0.38 1.61 0.12 98.85 10.15 0.77
P-4 9.24 0.14 3.12 0.08 81.82 18.18 0.44
P-5 8.80 0.14 2.99 0.05 81.73 18.27 0.34
P-6 8.37 0.50 3.63 0.14 77.80 22.20 1.23
P-7 8.79 0.17 4.49 0.12 74.84 25.16 0.62
P-8 6.75 0.42 5.50 0.16 65.10 34.90 1.56
P-9 7.07 0.18 5.38 0.10 66.64 33.36 0.70
P-10 6.28 0.11 6.66 0.10 59.00 41.00 0.56
P-l 5.75 0.11 7.35 0.10 54.32 45.68 0.58
P-12 4.57 0.17 8.41 0.22 45.23 54.77 1.13
P-13 4.02 0.19 9.50 0.14 39.14 60.86 1.18
P-14 3.77 0.23 9.99 0.23 36.45 63.55 1.51
P-15 3.27 0.18 10.62 0.13 31.88 68.12 1.22
P-16 3.13 0.12 10.81 0.12 30.56 69.44 0.85
P-17 2.55 0.14 11.50 0.15 25.20 74.80 1.06
P-18 2.13 0.08 12.44 0.09 20.65 79.35 0.63
P-19 1.42 0.11 12.35 0.12 14.87 85.13 0.99
P-20 0.94 0.09 14.26 0.10 9.11 90.89 0.79
P-21 0.60 0.11 15.06 0.12 5.71 94.29 0.99
P-22 0.63 0.09 15.12 0.10 5.95 94.05 0.80
P-39 11.54 0.06 - - 100.00 0 0.10
P-38 9.48 0.08 1.68 0.05 89.56 10.44 0.30
P-25 8.67 0.28 3.23 0.04 80.31 19.69 0.55
P-26 7.18 0.09 4.71 0.10 69.85 30.15 0.52
P-27 6.24 0.26 6.21 0.10 60.43 39.57 1.07
P-28 4.81 0.14 7.98 0.08 47.81 52.19 0.77
P-29 3.79 0.15 10.83 0.30 34.72 65.28 1.09
P-30 3.09 0.19 10.69 0.28 30.52 69.48 1.42
P-37 2.05 0.06 13.23 0.07 19.06 80.94 0.46
P-36 0.94 0.06 14.72 0.08 8.85 91.15 0.52
P-35 0.00 - 16.29 0.10 0.00 100.00 0.01
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Table 6 shows the summary of the data obtained from the
chemical analyses. Columns 2 and 4 show the average values
of percent K 20 and Na 20 for each sample shown in Table 5.
In order to obtain the projected composition of these
feldspars on the albite-orthoclase join, their content of
K20 plus Na20 was normalized to a 100% alkali content. They
do not show stoichiometry, as can be seen in Figures 13 and
14. The calculated values for Mole % albite and orthoclase,
in each sample, and their standard deviation are given in
columns 6 - 8.
Table 7 shows a comparison of the data obtained from
our chemical analysis, and the values calculated from the
preparation of the starting materials. For set I, the
strongest disagreement is found towards higher mole percent
Or for set I. However for set II, good agreement is generally
found for most of the samples within two standard deviations.
Feldspars number P-28 and P-29 are in disagreement.
From the available X-ray data and the chemical com-
position of set I, several plots have been drawn. Figures
6 to 12 show the different unit cell dimensions of set I
plotted against composition, in mole percent Or, and some
cell parameters plotted against each other. In these figures
all the data has been plotted showing error bars representing
Table 7
Comparison of the calculated and observed values for the
composition of the alkali feldspars.
Sample Calculated Values
Wt% Ab Mole% Or
P-2
P-3
P-4
P-5
P-6
P-7
P-8
P-9
P-10
P-11
P-12
P-13
P-14
P-15
P-16
P-17
P-18
P-19
P-20
P-21
P-22
P-39
P-38
P-25
P-26
P-27
P-28
P-29
P-30
P-37
P-36
95
90
84
82
78
74
68
66
60
56
48
44
40
36
34
30
25
20
15
10
5
100
90
80
70
60
50
40
30
20
10
4.72
9.48
15.21
17.14
20.99
24.87
30.72
32.67
38.58
42.54
50.51
54.53
58.56
62.61
64.65
68.73
73.87
79.03
84.22
89.45
94.71
0
9.48
19.06
28.76
38.58
48.51
58.56
68.72
79.03
89.45
Observed Values
Mole% Or a
5.65
10.15
18.18
18.27
22.20
25.16
34.90
33.36
41.00
45.68
54.77
60.86
63.55
68.12
69.44
74.80
79.35
85.13
90.89
94.29
94.05
0
10.44
19.69
30.15
39.57
52.19
65.28
69.48
80.94
91.15
0.53
0.77
0.44
0.34
1.23
0.62
1.56
0.70
0.56
0.58
1.13
1.18
1.51
1.22
0.85
1.06
0.63
0.99
0.79
0.99
0.80
0.10
0.33
0.55
0.52
1.07
0.77
1.09
1.42
0.46
0.52
100.00 100.00 0.01P-35 0
Table 8
Direct Unit Cell Parameters, Set I
Composition
Mole %Or
No
Lines
8.5949+0.0010
8.5907+0.0012
8.5658+0.0010
8.5417+0.0014
8.5220+0.0011
8.4945+0.0015
8.4764+0.0012
8.4741+0.0050
8.4511+0.0015
8.4296+0.0014
8.4137+0.0010
8.3760+0.0016
8.5338+0.0036
8.3004+0.0015
8.2697+0.0027
8.2518+0.0018
8.2305+0.0039
8.2148+0.0036
8.1943+0.0029
8.1749+0.0014
13.0275+0.0015
13.0311+0.0019
13.0390+0.0017
13.0270+0.0020
13.0263+0.0017
13.0261+0.0022
13.0232+0.0022
13.0212+0.0034
13.0169+0.0016
13.0110+0.0022
13.0071+0.0014
13.0044+0 .0022
13. 0011+0 .0042
12.9862+0 .0027
12.9604+0.0036
12.9485+0.0030
12.9408+0 .0046
12.9380+0.0068
12.9133+0.0042
12.8962+0.0027
7.1826+0.0008
7.1787+0.0010
7.1813+0.0008
7.1776+0.0011
7.1752+0.0010
7.1744+0.0012
7.1730+0.0012
7.1721+0.0022
7.1712+0.0011
7.1719+0.0012
7.1708+0 .0009
7.1636+0.0013
7.1680+0.0022
7.1624+0.0014
7.1548+0.0016
7.1485+0 .0017
7.1430+0 .0023
7.1501+0 .0029
7.1316+0.0025
7.1244+0.0014
94.05
94.29
90.89
85.13
79.35
74.80
69.44
68.12
63.55
60.86
54.77
45.68
41.00
34.90
25.16
22.20
18.27
18.18
10.15
5.65
Table 8 (Continuation)
Direct Unit Cell Parameters, Set I
Composition
Mole %Or
No
Lines deg. min. deg. min. deg. min.
94.05
94.29
90.89
85.13
79.35
74.80
69.44
68.12
63.55
60.86
54.77
45.68
41.00
34.90
25.16
22.20
18.27
18.18
10.15
5.65
116
116
116
115
115
115
116
116
116
116
116
116
116
116
116
116
116
116
116
116
1.14+0.56
1.03+0.68
0.66+0.64
59.90+0.80
59.86+0.62
59.72+0.75
2.96+0.82
1. 38+1. 94
2.05+0.77
3.29+0.78
7. 71+0 .57
6 .44+0.93
11.75+1.70
16.90+0 .89
17.44+1.34
16.87+1.22
20.88+2.69
35.44+2.43
21.42+2.34
23.44+1.09
90
90
90
90
90
90
90
90
90
90
90
90
89
90
90
90
90
90
90
90
45
42
37
37
43
46
36
17
19
34
35
24
21
22
26
23
27
17
27
30
722.73+0.11
722.19+0.13
720.83+0.12
717.85+0.14
715.92+0.12
713.53+0.15
711.39+0.15
711.16+0.36
708.83+0.13
706.66+0 .15
704.56+0.10
700.69+0.16
698.55+0.46
692.22+0.25
687.18+0.25
684.37+0 .22
680.95+0.35
678.51+0.44
674.97+0.34
671.22+0.17
Volume
A3
90
90
90
90
90
90
90
-90
90
90
90
90
90
90
91
91
92
92
92
93
55.53+1.83
1.00+1.38
10.57+1.84
14.55+1.35
12 .00+2 .28
13.68+3.36
9.20+1.85
5.64+1.05
3.38+3.22
21.38+2.30
32.00+2.07
48.78+2.11
23.86+3.29
44.03+4.45
59.74+2.53
16.27+1.43
two standard deviations. In order to compare with previously
obtained data, from other authors, on the alkali feldspars
series, the following supplementary data has been plotted.
a) Units cell dimensions of peraluminous feldspars,
with bulk compositions 2, 8, and 11, from Luth and Tuttle
(1966).
b) Direct unit cell parameters for sanidine-high albite
series from Orville (1967).
c) Unit cell parameters of the high sanidine-high
albite series measured by Donnay and Donnay, refined by the
computer program of Evans et. al. (1963), from T. L. Wright
and D. B. Stewart (1968).
d) In Figure 12 the following data was plotted:
Orville (1967), unit cell parameters of low albite-microcline
series and the series mentioned above; Wright and Stewart
(1968) unit cell parameters for albite-orthoclase exchange
series.
The standard deviation of the composition values of the
feldspars from the authors mentioned above has not been
plotted, because the samples were never chemically analyzed
after crystallization.
IV CONCLUSIONS
The study of the chemical data obtained shows that both
sets of samples do not show stoichiometry. Figures 13 and 14
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graphically show the results. For set I, a straight line
can be drawn through most of the samples. This line is
parallel to and below the stoichiometric line, indicating
that the ratio 1:1;6, alkali: alumina: silica, is not
followed. On the other hand the presence of corundum, in
the final products of the crystallization runs, W. C. Luth
(personal communication), confirms our results. Therefore,
it seems reasonable to assume that these feldspars were
crystallized in a peraluminous environment.
Set II shows the same kind of deviation from stoi-
chiometry, although two different trends can be identified.
On is closer to stoichiometry than the other. No difference
in the experimental conditions for crystallization can be
seen, which could account for these two trends (Appendix I).
The fact that they were crystallized in the presence of a
high weight percent of water suggests the possibility of
water inclusions in the crystals or structural water, since
in most of the cases the ratio Na-K has not been changed.
An X-ray powder diffraction pattern of one of these feldspars
did not show any hydrated phases, such as micas. Perhaps
with the proper X-ray data on these feldspars of set II,
some conclusions can be achieved. Until then, we will leave
the discussion of this set until more data is available.
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For set I the following observations can be deduced
from the data.
1) From the plot of the lattice parameter a, Figure 6,
and knowing that this parameter varies strongly with com-
position in terms of mole % Or, Orville (1967), we conclude
that the chemical analyses performed on these feldspars,
are accurate. This is shown by the agreement of our data
in terms of mole % Or with Orville's and Donnay and Donnay's
data, and by the smooth continuity of the curve within the
standard deviations.
2) The unit cell parameters b, and c (Figures 7 and 8)
show a clear deviation from the values found by Orville and
Donnay and Donnay on the high-albite-sanidine series. Set I
has higher values for both b and c, the parameter b being
the one which shows stronger difference for all compositions.
3) The unit cell volumes of set I shows in general
higher values than the literature values for this series.
This difference is emphasized for feldspars with a higher
Na content, that is, feldspars with less than 65 mole
percent Or.
4) Figure 10 shows once again the strong difference
between Orville's data and our data. Although all the
points fall on the same line, these analyzed feldspars are
about 10 mole percent Or lower.
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5) By the analysis of Fig. 12, it seems obvious to
conclude that these feldspars do show deviation from the
values of any of the three alkali feldspars series.
We conclude that set I shows characteristics of what
an oxonium feldspar in solid solution with the alkali feldspar
would show. All the experimental data showed above seems to
agree with the predictions on this kind of three component
(Na, K, H30+) end member solid solution feldspar. The con-
firmed predictions are the following:
a) The unit cell dimensions, b, and c show larger
values, and this is emphasized towards the high Na content
end member. This would be expected if an ion like H30+
enters the structure in substitution for the alkalies.
Its ionic size is closer to that of the potassium ion than
to the sodium; hence it would affect the structure more in
the sodium than in the potassium end.
b) The fact that the b vs. c diagram does not show a
different trend for set I, in spite of the fact that the
composition values are different, suggests that the Al-Si
disorder is the same for both series.
However, several questions are raised. Are these
discrepancies real, that is, are the feldspar series from
other studies well defined in composition? Are those
feldspars indeed stoichiometric in composition? From the
experience of the analysis of set II, we can see that the
hydrothermal crystallization sometimes produces changes in
the composition of the starting material. However, since
the Na-K ratio seems to be the same the first question
could be answered affirmatively, assuming a good standardi-
zation of the starting material was performed and that none
of the capsules where the material was crystallized had any
leaks during the process. The question of their stoi-
chiometry remains without an answer, since those feldspars
were crystallized under water pressure. They could easily
contain a certain amount of oxonium feldspar if the theory
of its existence is valid.
From the experience obtained in this study, we suggest
that a chemical analysis of the products of hydrothermal
crystallization should be performed, in order to evaluate the
X-ray data. On the other hand we strongly suggest the con-
tinuation of the oxonium feldspar study, since all the data
seems to agree with the predictions. The following experi-
ments are recommended.
1) A detailed study of the alkali feldspars on the
range Or30 to Or in order to solve some discrepancies
around the symmetry change.
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2) The preparation of a new series of-alkali feldspars
by the use of salt fluxes with a natural high sanidine as a
starting material, to avoid the possibility of an oxonium
feldspar solid solution. In this way the unit cell para-
meters of the stoichiometric alkali feldspars would be
obtained.
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APPENDIX I
Data on the process of preparation and crystallization
of the two sets of feldspars, W. C. Luth (personal
communication)
Set I
Preparation of the gels. - This set was prepared by
the use of the Luth and Ingamells technique (Luth, 1965).
They were prepared using Na and K carbonates, Al nitrate,
and ludox. No data was available on the standardization
of these compounds.
Crystallization. - These gels were crystallized at
800 Cand low water content (5 + 1 wt. % H20) from the fired
gels described above, at 500 bars of pressure.
Set II
Preparation of the gels. - Set II was prepared by
the same technique mentioned above, with a variation:
instea4 oF carbonatev 6f Na and K, 1 N hydroxide solutions
of Naan4 K Were Ued. Thesesolutions were standardized
volumetri reaient from 1lellige Inc. The standardization
of the A2 03 and SiO2 solutions shows ranges of +0.1%.
Cr,/stallization. - In this case the individual data
on the crystallization of these feldspars is shown in the
following Table.
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Experimental data on the crystallization process
Sample
P-25
P-26
P-27
P-28
P-29
P-30
P-38
P-37
P-36
P-35
P-39
Observed
Composition
(Mole % Or)
19.7
30.1
39.6
52.2
65.3
69.5
10.4
80 .9
91.1
100.0
0.0
Temn. Pressure
C (K bars)
Wt % H2 0
22.8
20.7
24.0
22.6
15.8
25.8
20.9
20.6
20.7
20.7
19.2
710+10
710+10
700+ 5
700+ 5
710+ 6
710+ 6
700+12
700+10
700+10
700+ 5
Time
(hour)
168
168
192
192
168
168
147
147
147
170
APPENDIX II
Calculation of standard deviations and propagation of
errors.
On the basis of Bauer's statement, Bauer, (1960),
"standard deviation and variance are the most efficient
measures of precision and as such are the basis for all
statistical test"; all our statistical analysis is based
on these functions.
The formula used for the statistical standard de-
viation (60% probability) is:
X= individual values
\ -x average value
n = number of measurements
The results of percent absorption measurements on the
solutions were averaged arithmetically and from the aver-
ages we obtained the concentrations. On the other hand no
error was assumed in the standard solutions; that is, errors
in the analysis of G-1 and volumetric errors in the pre-
paration of the standard solutions were considered to be
too small for our analysis of errors.
The results from the several analyses of the same
solution were averaged by the formula:
-
x
where x = different measurements
n number of measurements.
Those values for the number of micrograms of the ele-
ment in t1he ample were corrected for contamination
average contamination
Now, however, two standard deviations are involved in
the latter formula, so in order to obtain the standard de-
viatiov of this function a study of propagation of errors
was necessary. The following process was applied, from
b9
L. Marton et. al., (1959):
Assuming a function
u = f (x,y,z,...) where x, y, z are inde-
pendent variables, the standard deviation of the function
u can be calculated as:
It is very important in this case to make an analysis
for independence of the variables.
Coming back to our function:
- - averacje contamin -o ai-v
n
Applying (1) we have
3u D
Therefore:
x U v
The following step was the calculation of the percent
of element in the sample for one solution:
Elem e nt = 00 __ x = weight of element
W w = weight of sample
Using (1) the standard deviation will be given by:
___/oElem. 100 
__%_Elem 
_ 100 xw C) 10
W+
I ''
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where w = weight of sample and aw = std. deviation.
The next step in our calculation was to average the
values from different solutions of the same sample. This
step was accomplished by the use of the following relation;
(Elemen%= nd(%Elem,)+(n)(%Elerr mi)--.
where,% Elements = % average of the element in the sample
, n = number of analyses of the solution.
By (1) we have
%Elerrient5  - __ __ __
Therefore, its standard deviation will be given by:
For the case of two solutions:
/E~er-ien L + Ie n-1iZ Eeni,
The mole percents of Na 20 and K 20 were calculated, in order
to obtain the values of mole percent Ab in the feldspars.
The following formulas were used:
Mole % Elem. Oxide Wt % Elem. OxideMolecular Weight
Mole % Ab = Mole % Na 20 100Mole % Na 20 + Mole % K20
Therefore, mole % element oxidewas defined as:
- a wt % element oxide
y sole & elevramt oxide = Molecular Weight
Applying (1) , the a mole % Ab was calculate1:
? mole % Ab
c) mole % Na 2 0
mole % Ab
3 mole % K20
mole % K20 
= A(mole % Na 20 + mole % K20)2
mole % Na 2 0
(mole % Na 20 + mole % 120)2
Therefore:
moIe % NaO Se 0
In general we did not reject measurements in this
statistical treatment of the results. However, when this
was done the rules mention by Pierce (1940) on rejection
of an observation were followed.
and
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APPENDIX III
ATOMIC WEIGHTS
The following International Atomic weights were used
(Hodgman, C. D., 1967).
o = 16.00
Al = 26.98
Na = 22.991
K = 39.100
Si = 28.09
